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Proposed Approach

Detects average 0.05 deg flight surface offset
Cruise altitude range: 28,000-36,000 ft
Mach : 0.78-0.84; up to medium turbulence
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Technical Approach Detail
Build Model from historical data

u — flight parameters
e(w) — modeling error
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Linearized flight performance model
for 6-DOF accelerations (or velocities)

Step 1: Solve least-squares problem (1) to fit linear model y=|v

Step 2: Compute an ellipsoid (2) that contains residuals
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Step 1: Test the residuals for data samples inside the ellipsoid mimnymize -log det(Q"Q)"*  subj. to Qe[ =1 (2)

Step 2: Tally number of outliers over a certain number of time
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Step 3: If the number exceeds threshold, declare anomaly minAiTizeEp(y, - Au, -b)
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Outlier:

Collected Parameter Units,

Aileron Posi
Differential Aileron Position
Clevator Position

Verification via Simulation (FLTz) \
Simulation Setup :

FLTz: NASA flight control and flight simulator Randomly generate flight conditions

Advanced Concepts Flight Simulator (ACFS) Dryden turbulence modgl: R !
X 1-none, 2 and 3 - light (warning), H

plane, approx. B757 size X
4 and 5 - medium, 6 - heavy
Altitude range: 28,000 to 36,000 ft "
Mach range: 0.78 to 0.84 13 | Body y

14| Body-Axis Pitch Velocity

Collect flight data at 10 Hz (list at right) 15 | Body-As Yaw Velocty
600 data points collected per flight 17 | Lateral Body-Axis A

18 | Vertical Body-Axis A

400 normal flights (200 for validation) 19 | Body-Axis Roll A

20 | Body-Axis Pitch

200 flights with actuator power faults 21 | Body-Axis Yaw Accel

1dd
Stabilizer Position
Mach Number

Autopilot cruise flight for 1 minute

Loss of actuator effectiveness faults
5% stabilizer power loss, 0.05 deg mean
50% elevator power loss, 0.05 deg mean
Assume constant mass
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